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A linear relationship between echo energy and amount of salmon dry food was established. 
Measurements were carried out both for food batches (5-400 gram) and single pellets. For 
a certain amount of food, the echo energy decreased when pellet size increased. The 
relationships allowed hydroacoustic detection of small amounts of food waste. Maximum 
food intake of a salmon population was determined as the amount of food delivered by the 
feeder before food waste was detected. 
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I N T R O D U C T I O N  
A  c o m p e t i t i v e  p r o d u c e r  o f  s a l m o n  i n  s e a  c a g e s  m u s t  b e  a b l e  t o  c o n t r o l  t h e  f e e d i n g  p r o c e s s  
t o  a c h i e v e  r a p i d  g r o w t h ,  l o w  p r o d u c t i o n  c o s t s ,  a n d  a  h e a l t h y  e n v i r o n m e n t .  T h e  c o m p l e x i t y  
o f  f a c t o r s  c o n t r o l l i n g  a p p e t i t e  m a k e s  i t ,  h o w e v e r ,  a  d i f f i c u l t  t a s k  t o  p r e d i c t  d a i l y  f e e d  
c o n s u m p t i o n  i n  a  s a l m o n  p o p u l a t i o n .  M e t h o d s  t o  s t u d y  f l u c t u a t i o n s  i n  a p p e t i t e  a r e  t h e r e f o r e  
a  v a l u a b l e  t o o l  i n  f i n d i n g  n e w  w a y s  t o  c o n t r o l  t h e  f e e d i n g  p r o c e s s .  
F o o d  i n t a k e  i s  o n e  e s s e n t i a l  p a r a m e t e r  i n  t h e  s t u d y  o f  f e e d i n g  i n  f i s h ,  a s  i t  i s  t h e  m o s t  
d i r e c t  m e a s u r e  o f  a p p e t i t e .  M e t h o d s  t o  e s t i m a t e  t h e  f o o d  i n t a k e  o f  i n d i v i d u a l  t l S h  r a n g e  
f r o m  w e i g h i n g  t h e  s t o m a c h  c o n t e n t  t o  n o n - d e s t r u c t i v e  t e c h n i q u e s  s u c h  a s  m i x i n g  k n o w n  
q u a n t i t i e s  o f  r a d i o a c t i v e  o r  i r o n  p a r t i c l e s  i n t o  t h e  f o o d  a n d  e s t i m a t i n g  f o o d  i n t a k e  u s i n g  a  
G e i g e r - c o u n t e r  o r  X - r a y  p h o t o s  ( S t o r e b a k k e n ,  A u s t r e n g  &  S t e e n b e r g  1 9 8 1 ,  T a l b o t  &  
H i g g i n s  1 9 8 3 ) .  H o w e v e r ,  t h e  s a m p l e  s i z e  r e q u i e r e d  w h e n  w o r k i n g  w i t h  l a r g e  p o p u l a t i o n s  
o f  a d u l t  s a l m o n  m a k e  t h e s e  m e t h o d s  u n s u i t a b l e  f o r  l o n g  t e r m  s t u d i e s  o f  a p p e t i t e  
f l u c t u a t i o n s .  F u r t h e r m o r e ,  t h e  s t r e s s  i m p o s e d  o n  t h e  p o p u l a t i o n  w h e n  n e t t i n g  o u t  a  s a m p l e  
m a y  h a v e  a  n e g a t i v e  e f f e c t  o n  a p p e t i t e .  
A n  a l t e r n a t i v e  t o  o b s e r v a t i o n  o n  i n d i v i d u a l  f i s h  i s  t o  m e a s u r e  t h e  c u m u l a t i v e  f o o d  i n t a k e  
o f  a l l  f i s h  i n  t h e  p o p u l a t i o n .  C u m u l a t i v e  f o o d  i n t a k e  c a n  b e  o b s e r v e d  b y  d e t e r m i n i n g  w h e n  
o f f e r e d  f o o d  i s  r e j e c t e d .  T h e  l o w  v i s b i l i t y  i n  a  s e a  c a g e  e x c l u d e s  o b s e r v a t i o n  f r o m  t h e  
s u r f a c e  a s  a  r e l i a b l e  m e t h o d  t o  d e t e r m i n e  t h e  p o i n t  o f  s a t i a t o n .  T h i s  p a p e r  d e s c r i b e s  a  
m e t h o d  w h e r e  h y d r o a c o u s t i c  d e t e c t i o n  f o o d  p e l l e t s  a t  t h e  b o t t o m  o f  t h e  s e a  c a g e  i s  u s e d  
a s  a n  i n d i c a t o r  o f  f o o d  r e j e c t i o n .  
M a x i m u m  f o o d  i n t a k e  o f  a  s a l m o n  p o p u l a t i o n  w a s  e s t i m a t e d  a s  t h e  a m o u n t  o f  f o o d  
d e l i v e r e d  b y  t h e  f e e d e r  b e f o r e  f o o d  w a s t e  w a s  d e t e c t e d  A  p r e c i s e  e s t i m a t e  o f  m a x i m u m  
f o o d  i n t a k e  w a s  t h e r e f o r e  d e p e n d i n g  o n  q u a n t i f i c a t i o n  o f  e c h o  e n e r g y  f r o m  s m a l l  a m o u n t s  
o f  f o o d .  T o  q u a n t i f y  t h e  e c h o  e n e r g y ,  e s s e n t i a l  p a r a m e t e r s  o f  t h e  a c o u s t i c a l  i n s t r u m e n t s  a n d  
t h e  f o o d  f l r s t l y  h a d  t o  b e  d e t e r m i n e d .  T h e  n e x t  s t e p  w a s  t o  e s t a b l i s h  t h e  r e l a t i o n s h i p  
b e t w e e n  t h e  a m o u n t  o f  e c h o  e n e r g y  a n d  a m o u n t  o f  f e e d .  T h e  m e t h o d  w a s  t h e n  app~ied i n  
a  f e e d i n g  e x p e r i m e n t .  
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M E T H O D S  A N D  R E S U L T S  
A  2 0 0 k H z  F u n m o  F E - 8 8 1  ( M K - l l )  e c h o  s o u n d e r  w i t h  a  p i n g  r e p e t i t i o n  f r e q u e n c y  o f  4 0 0  
p e r  m i n u t e  a n d  a  p u l s e  l e n g t h  o f  0 . 3  m s e c  w a s  u s e d .  T h e  e c h o  s o u n d e r  w a s  c o n n e c t e d  t o  
a  S i m r a d  Q M  ( M K - l l )  e c h o  i n t e g r a t o r .  T h e  b e a m w i d t h  o f  t h e  t w o  t r a n s d u c e r s ,  w e r e  
m e a s u r e d  i n  t h e  l a b o r a t o r y  t o  4 . 9  a n d  1 5 . 6  d e g r e e s  a n d  t h e  b e a m  p a t t e r n s  w e r e  c l o s e  t o  
c i r c u l a r .  C a l i b r a t i o n  w a s  c a r r i e d  o u t  o n  a l l  g a i n - s t e p s  ( A p p e n d i x  1 )  o f  t h e  e c h o  s o u n d e r ,  
w i t h  - 3 0  d B  a t t e n u a t i o n  o n  t h e  e c h o  i n t e g r a t o r ,  u s i n g  a  c o p p e r - s p h e r e  w i t h  a  d i a m e t e r  o f  
1 3 . 7  m m  a n d  a  c a l c u l a t e d  t a r g e t  s t r e n g t h  o f  - 4 5 d B  a t  2 0 0 k H z  ( F o o t e  e t  a l .  1 9 8 7 ) .  
T h e  e c h o  e n e r g y  f r o m  t h e  p e l l e t s  w a s  q u a n t i f i e d  u s i n g  a  m o d i f i e d  v e r s i o n  o f  t h e  e c h o  
i n t e g r a t i o n  m e t h o d  f o r  a s s e s s i n g  f i s h  s t o c k s  ( D a l e n  &  N a k k : e n  1 9 8 3 ) .  T h e  e c h o  e n e r g y  f r o m  
a  o b s e r v a t i o n  v o l u m e  i s  e x p r e s . s e d  b y  t h e  a r e a  b a c k s c a t t e r i n g - c o e f f i c i e n t  ( s . ) :  
( 1 )  
w h e r e  < J P  i s  a v e r a g e  b a c k s c a t t e r i n g - c r o s s e c t i o n  o f  a  o b j e c t  ( e . g .  f i s h ,  f o o d p e l l e t )  a n d  p .  i s  
t h e  a r e a  d e n s i t y  o f  t h e  o b j e c t s .  T h e  a c c u m u l a t e d  e c h o  e n e r g y ,  p r e s e n t e d  b y  t h e  e c h o  
i n t e g r a t i o n ,  M o  ( m m ) ,  i s  e x p r e s s e d  i n  u n i t s  o f  s .  b y  t h e  u s e  o f  t h e  i n s t r u m e n t  c o n s t a n t  ( C J ,  
c a l c u l a t e d  f r o m  c a l i b r a t i o n  o f  t h e  i n s t r u m e n t s  ( F o o t e  e t  a l .  1 9 8 7 )  
( 2 )  
T h e  r e l a t i o n s h i p  b e t w e e n  a m o u n t  o f  f o o d  a n d  a m o u n t  o f  e c h o  e n e r g y  w a s  e s t a b l i s h e d  f o r  
f i v e  d i f f e r e n t  s i z e s  o f  c o m m e r c i a l  d r y - p e l l e t e d  f i s h  f e e d s  w i t h  o n l y  m a r g i n a l  d i f f e r e n c e s  i n  
n u t r i t i o n a l  c o m p o s i t i o n .  T h e  s i n k i n g  s p e e d  o f  t h e  p e l l e t s  w a s  m e a s u r e d  u s i n g  t h e  e c h o  
s o u n d e r  a t  h i g h  p a p e r  s p e e d  a n d  g a i n  8  ( T a b l e  1 ) .  T o  c o r r e c t  f o r  d i f f e r e n c e s  i n  s i n k i n g  
s p e e d ,  a l l  M - v a l u e s  w e r e  n o r m a l i s e d  t o  a n  o b s e r v a t i o n  p e r i o d  o f  o n e  m i n u t e  [ s j m i n  =  s .  
·  K  { m m / m i n ) ,  K  =  6 0 / f ,  w h e r e  T ,  i s  t h e  t i m e  t h e  p e l l e t  u s e d  t o  s i n k  t h r o u g h  t h e  
i n t e g r a t e d  l a y e r  o f  2 . 0  m ] .  
4 
Table 1. Name (abbrevation), diameter and sinking speed (M± SD) of the food types. 
Name 
Tess elite pluss (TEP-5) 
Ewos Milj~for (EM-6) 
Ewos Vextra (EV-9) 
Tess Edel (TE-10) 
Ewos Vextra (EV-12) 
Food batches 
Diameter 
(mm) 
5 
6 
9 
10 
12 
Sinking speed 
(cm/s) 
15.2±1.4 
14.7±1.3 
16.4±1.4 
17.9±1.4 
17.9±1.6 
(n=20) 
(n=17) 
(n=8) 
(n=18) 
(n=11) 
The food batches was discharged through a pipe centered at the acoustic axis of the 4.9° 
transducer. To avoid disturbances from fish attracted to the food, all measurements were 
carried out inside an empty sea cage (see Figure 1). Disturbances from gas bubbles 
originating from decomposing organic material in the bottom sediment were eliminated by 
a sheet of thin plastic fastened to a wooden frame underneath the observation volume, 
guiding the bubbles away. The transducer was mounted in a compass-suspension, assuring 
that the transducer surface always was parallel with the sea surface (Figure 2). 
Five parallel measurements were carried out for 9-12 different weights of foodbatches in 
the interval 5 - 400 gram. Food pellets were detected as grey traces on the echogram and 
echo energy was integrated as the pellets sank trough a 2 meter observation layer (Figure 
3). The area covered by the acoustic beam in the integration layer averaged 0.63 m2 and 
visual observation indicated a uniform distribution of pellets in this area. 
F i g u r e  1 .  
F i g u r e  2 .  
s  
A  
I .  E x p e r i m e n t a l  s e t u p  d u r i n g  e c h o  e n e r g y  m e a s u r m e n t s .  
I I .  E x p e r i m e n t a l  s e t u p  d u r i n g  t h e  f e e d i n g  e x p e r i m e n t .  
( A )  O b s e r v a t i o n  r a f t  w i t h  e c h o  s o u n d e r  ( 1 ) ,  e c h o  i n t e g r a t o r  ( 2 ) ,  f e e d e r  
c o n t r o l  ( 3 ) ,  v i d e o  m o n i t o r  ( 4 ) .  
( B )  T r a n s d u c e r  i n  r i g  ( s e e  d e t a i l s  F i g .  2 ) .  
( C )  S e a  c a g e .  
( D )  O b s e r v a t i o n  v o l u m e .  
( E )  C a l i b r a t i o n  r a m p .  
( F )  B u b b l e  c u r t a i n .  
( G )  F e e d e r .  
( H )  C a m e r a .  
1 m ·  
T r a n d u c e r  ( T )  m o u n t e d  i n  r i g  ( R ) .  T h e  c o n s t r u c t i o n  a l l o w s  t h e  t r a n s d u c e r  t o  
m o v e  i n d e p e n d e d y  o f  r i g  p o s i t i o n .  T h e  l e a d  w e i g h t  ( L )  k e e p s  t h e  t r a n s d u c e r  
s u r f a c e  p a r a l l e l l  w i t h  t h e  s e a  s u r f a c e .  
A 
Grey ---> 
traces of 
pellets 
c 
D 
6 
B 
. <--- s~a cage bottom 
<--- Bubble curtain 
I 
<---
Obse!'vation 
volume 
Sea surface 
Channel A: Echo energy 
(single pings) 
Channel B: Integrated 
echo energy 
Figure 3. Echogram (A and B) and integrator output (C and D) when measuring 60 and 
10 gram EV-12. The grey vertical lines on the echogram is the food s_inking 
through the water column. 
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F i g u r e  4 .  
R e g r e s s i o n  l i n e s  s h o w i n g  t h e  r e l a t i o n  b e t w e e n  e c h o  e n e r g y  a n d  w e i g h t  o f  
f o o d  f o r  f i v e  c o m m e r c i a l  s a l m o n  f e e d s .  
-
-
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Fi~ 4  s h o w s  a  g o o d  l i n e a r  r e l a t i o n s h i p  b e t w e e n  t h e  a m o u n t  o f  f o o d  a n d  e c h o  e n e r g y  f o r  
a l l  p e l l e t  t y p e s  ( r  =  0 . 9 7  - 0 . 9 9 ,  Z a r  1 9 8 4 ) .  A  m u l t i p l e  r e g r e s s i o n  ( A n o n .  1 9 8 6 )  i n c l u d i n g  
m e a s u r e m e n t s  o f  a l l  p e l l e t  t y p e s  s...~owed t P . . . a t  t.~e e~hu e n e r g y  a l s o  i s  n e g a t i v l y  d e p e n d e n t  
o f  p e l l e t  d i a m e t e r  ( T a b l e  2 ) .  
T a b l e  2 .  
C o e f f i c i e n t s  
r  =  0 . 9 3  
a =  1 . 3 1  
b  =  0 . 0 2  
c  =  - 0 . 1 4  
M u l t i p p l e  r e g r e s s i o n  u s i n g  a l l  f o o d  t y p e s  [ E c h o  e n e r g y  =  a  +  b ( p e l l e t  
d i a m e t e r ) +  c ( a m o u n t ) ] .  R e g r e s s i o n - a n d  c o r r e l a t i o n  c o e f f i c i e n t s  w i t h  s t a n d a r d  
e r r o r s .  p - v a l u e s  f o r  v a r i a n c e  a n a l y s e s  a n d  t - t e s t  o f  b  =  0  a n d  c  =  0  a r e  a l s o  
g i v e n .  
S t a n d a r d  e r r o r  
0 . 8 3  
4 . 7 E - 4  
2 . 1 E - 2  
p - v a l u e s  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
S i n g l e  p e l l e t s  
T h e  s e c o n d  a p p r o a c h  t o  e s t a b l i s h  t h e  r e l a t i o n s h i p  b e t w e e n  t h e  a m o u n t  o f  f o o d  a n d  e c h o  
e n e r g y  w a s  t o  m e a s u r e  e c h o  e n e r g y  f r o m  s i n g l e  p e l l e t s  a n d  t h e n  e s t i m a t e  e c h o  e n e r g y  f o r  
l a r g e r  a m o u n t s  o f  f o o d .  
M e a s u r e m e n t s  w e r e  c a r r i e d  o u t  f o r  t h e  p e l l e t  t y p e s  E V - 9  a n d  E V - 1 2 .  P e l l e t s  w e r e  
s u s p e n d e d  i n t o  t h e  o b s e r v a t i o n  v o l u m e  o n  t h e  a c o u s t i c a l  a x i s  ( ± 5 c m )  b y  a  0 . 1 5  m m  n y l o n  
g u t  w i t h  a  l e a d  w e i g h t  a t  t h e  e n d ,  o u t s i d e  t h e  o b s e r v a t i o n  v o l u m e ,  a s s u r i n g  t h e  p e l l e t  
p o s i t i o n  i n  t h e  b e a m .  T h e  i n t e g r a t o r  o u t p u t  f r o m  t h e  p e l l e t  ~), a n d  t h e  n o i s e  l e v e l  
i n c l u d i n g  t h e  r i g g i n g  w a s  m e a s u r e d  f o r  o n e  m i n u t e .  
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E c h o  e n e r g y  f r o m  s i n g l e  o b j e c t s  i s  o f t e n  e x p r e s s e d  a s  t a r g e t  s t e n g t h  ( T S ) .  T h e  t a r g e t  
~e~_gth o f  t h e  p e l l e t  ( T S P ) ,  w a s  c a l c u l a t e d  b y  d i r e c t  c o m p a r i s o n  w i t h  t h e  t a r g e t  s t r e n g t h  
( T S . J  o f  t h e  c o p p e r  s p h e r e  u s e d  d u r i n g  c a l i b r a t i o n :  
T S P  =  1 0  l o g ( M / M . J  +  T S I J '  
w h e r e  ~ a n d  M~~' i s  t h e  i n t e g r a t o r  o u t p u t  f r o m  o n e  m i n u t e s  m e a s u r e m e n t  o f  p e l l e t  a n d  
c o p p e r  s p h e r e ,  r e s p e c t i v e l y  .  
T h e  t a r g e t  s t r e n g t h  o f  s i n g l e  p e l l e t s ,  e s t i m a t e d  t a r g e t  s t r e n g t h  p e r  k i l o  a n d  t h e  s i g n a l / n o i s e  
r a t i o  a r e  g i v e n  i n  T a b l e  3 .  T h e  l a r g e s t  p e l l e t  ( E V - 1 2 )  h a d  t h e  h i g h e s t  t a r g e t  s t r e n g t h ,  b u t  
t h e  v a r i a t i o n  w a s  c o n s i d e r a b l e .  
T a b l e  3 .  
F o o d  t y p e  
E V - 1 2  
E V - 9  
T a r g e t  s t r e n g t h  o f  s i n g l e  p e l l e t  ( T S P ) ,  e s t i m a t e d  t a r g e t  s t r e n g t h  p e r  k i l o  ( T S k s )  
a n d  s i g n a l / n o i s e  r a t i o  ( S / R ) .  
T S P  ( d B )  
T S k a  ( d B )  
S I R  
- 5 5 . 3 ± 4 . 2  
- 2 7 . 3  
1 . 6 5  
- 5 6 . 6 ± 2 . 4  
- 2 5 . 9  
1 . 7 6  
T h e  t a r g e t  s t r e n g t h  w a s  u s e d  t o  e s t i m a t e  e c h o  e n e r g y  f o r  l a r g e r  a m o u n t  o f  f o o d  u s i n g  ( 1 ) .  
T h e  b a c k s c a t t e r i n g  c r o s s - s e c t i o n  ( a p )  i n  ( 1 )  i s  c a l c u l a t e d  f r o m  t h e  t a r g e t  s t r e n g t h  u s i n g  
T S P  =  1 0  l o g ( < J / 4 1 t )  
( U r i c k  1 9 6 7 )  
' T ' h , a  ~,.,a~ h~l"lrC!I"~tt~ru:·" e r  l"n~ffi~"l. ~nt f s  \  w a s  t h e n  , a ( ! . . ; . . . , . a t e d  & . O r  d i f f i e r e n t  a r e a  A~"lSl. t
1
e s  t  J \  \  
. . . . . .  _ . .  . . . .  . _ . . .  .....,~_.. . . . .  _ . . &  . .  o  ,.,...,~.,&,.,LA'-' . . . . , . . . .  '  v  . ,  •  . . . , . . , ; . . & 1 . J . . l  . 1 . '  . _ . , . . , . .  . . . ,  ' " a J  
o f  p e l l e t .  
1 0  
~~ . . .  e s t i m a t e d  a r e a  b a c k s c a t t e r i n g  u s i n g  s i n g l e  p e l l e t  m e a s u r e m e n t s  i s  c o m p a r e d  w i t h  t h e  
f o o d  b a t c h  m e a s u r e m e n t s  i n  F i g u r e  5 .  F o r  c o m p a r i s i o n  t h e  f o o d  b a t c h  m e a s u r e m e n t s  w a s  
c o n v e r t e d  f r o m  g r c U n  t o  a r e a  d e n s i t - y  b y  c o u n t i n g  t h e  n U m b e r  o f  p e l l e t  i n  1 0 0  g . . . & u  ( I I V - 1 2  
=  6 3  ±  2 ,  E V - 9  =  1 1 8  ±  2 ,  n  =  1 0 ) .  
0 . 1 D I J O  
-
c  
- . 4  
~ 0 . 0 1 0 0  
0  
•  
V  
> . . .  
m  
( _  
1 1  
c  
C l  
~ 0 . 0 0 1 0  
U l  ~ 
F i g u r e  5 .  
A r a a  d a n e t t y  < g r a m / m 2 >  
f o o d  
b a t c h e s  
s i n g l e  
p e l l e t s  
E s t i m a t e d  e c h o  e n e r g y  f o r  d i f f e r e n t  a r e a  d e n s i t i e s  o f  E V - 9  ( - )  a n d  E V - 1 2  
(  - - )  b a s e d  o n  f o o d  b a t c h  a n d  s i n g l e  p e l l e t  m e a s u r e m e n t s .  
D e t e c t i o n  o f  f o o d  w a s t e  t o  e s t i m a t e  m a x i m u m  f o o d  i n t a k e  
W h e n  a  s a l m o n  p o p u l a t i o n  b e c o m e s  s a t i a t e d ,  t h e  f o o d  i s  n o  l o n g e r  e a t e n  a t  t h e  s u r f a c e  a n d  
s o m e  o f  t h e  f o o d  w i l l  s i n k  t h r o u g h  t h e  b o t t o m  o f  t h e  s e a  c a g e .  · 1 · n e  p r i n c i p l e  o f  t h e  p r e s e n t  
m e t h o d  i s  t o  d e t e r m i n e  w h e n  t h i s  h a p p e n s  b y  a c o u s t i c  d e t e c t i o n  o f  t h e s e  s m a l l  a m o u n t s  o f  
f o o d  w a s t e .  
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~~-method was used in 150-200 feedings over a 3 month period, observing the food 
intake of a salmon population of about 3000 individuals given 2-8 meals pr. day. A 
commercial feeder delivering 0.5 ± 0.1 kg evert 20 seconds was turned · off when a 
increase in integrator output indicated arrival of uneaten pellets at the bottom of the sea 
cage. The maximum food intake would then approximately equal the food delivered. 
The wide beam transducer was used in order to increase the observation volume. The 
observation volume was shielded from noise by a empty sea cage (see Figure 1). A 
underwater camera (Osprey, OE-1336), positionted at the bottom of the sea cage directly 
underneath the feeder, was used to check the hydroacoustical observations. 
Food intake in one meal ranged from 1.5 to 81 kg. The lowest representing the last of 8 
meals in a day and the highest the first meal after 66 hours of food deprivation. The 
amount of food waste sinking trough the observation volume was calculated from the 
integrator output and relationships established earlier, correcting for background noise. The 
echo energy from food waste, measured in all feetii'lgs, averaged 30.0 gram (0.46 sjmin). 
This corresponds to less than 10% of the amount the feeder delivered every 20 second and 
less than 5% of the lowest food intake in one meal. 
DISCUSSION 
The acoustic reflection properties of any object depends on its density contrast to sea water. 
The low water content, uniform size and solid consistency of the food types used in this 
work make them more suitable as acoustical targets than soft or wet fiSh food. The 
porosity of the dry pellet or small gas bubbles attached to the surface of pellet may 
contribute to variation in echo energy estimates. However, the echo energy measurements 
demonstrate that it is possible to register amounts as small as 5-l 0 gram of typical salmon 
dry food. 
The echo energy was proportional to the pellet size and consequently to the num!'er of 
pellets in a batch. This is explained by the increased surface/weight ratio when the size of 
1 2  
t h e  p e l l e t  d e c r e a s e s  a s  t h e  t o t a l  b a c k s c a t t e r i n g  s u r f a c e  m a i n l y  d e t e r m i n e s  t h e  a m o u n t  o f  
ech~t e n e r g y .  B o t h  t h e  f o o d  b a t c h  a n d  t h e  s i n g l e  p e l l e t  m e a s u r e m e n t s  c o n f i r m  t h i s .  A s  a  
c o n s e q u e n c e  a  s i n g l e  E V - 1 2  p e l l e t  r e f l e c t s  m o r e  e n e r g y  t h a n  t h e  s m a l l e r  E V - 9 ,  b u t  o n e  k i l o  
E V  - 1 2  r e f l e c t s  l e s s  t h a n  a  k i l o  ~ v  - 9 .  · 1 · n i s  i s  i n  a c c c o r d a n c e  w i t h  t a r g e t  s t r e n g h t  
m e a s u r e m e n t s  o f  d i f f e r e n t  s i z e d  f i s h  ( E d w a r d s  &  A r m s t r o n g  1 9 8 2 ) .  
T h e  l o w  s i g n a l / n o i s e  r a t i o  d u r i n g  s i n g l e  p e l l e t  m e a s u r e m e n t s  m a y  e x p l a i n  t h e  l o w e r  
e s t i m a t e  o f  a r e a  d e n s i t y  c o m p a r e d  t o  f o o d  b a t c h  m e a s u r e m e n t s .  A  b i a s e d  d i s t r i b u t i o n  o f  
p e l l e t s  t o w a r d s  t h e .  c e n t e r  o f  t h e  b e a m  d u r i n g  t h e  f o o d  b a t c h  m e a s u r e m e n t s  c o u l d  a l s o  h a v e  
c o n t r i b u t e d  t o  t h e  d i v e r g e n c e ,  a s  a n  a c c u r a t e  e s t i m a t e  o f  t h e  b a c k s c a t t e r i n g  c o e f f i s i e n t  i s  
b a s e d  o n  t h e  a s s u m p t i o n  o f  a  u n i f o r m  d i s t r i b u t i o n  o f  t a r g e t s  i n  t h e  b e a m .  
T h u s ,  t h e  t h e o r e t i c a l  a s s u m p t i o n s  u n d e r l y i n g  a n y  u s e  o f  a c o u s t i c a l  m e a s u r i n g  t e c h n i q u e s  
s e t  l i m i t a t i o n s  t o  t h e  a c c u r a c y  i n  t h e  e s t i m a t e  o f  f o o d  w a s t e .  H o w e v e r ,  t h e  s m a l l  a m o u n t s  
o f  f o o d  n e e d e d  f o r  h y d r o a c o u s t i c  d e t e c t i o n  c o m p a r e d  t o  t h e  f o o d  i n t a k e  o f  a  s a l m o n  
p o p u l a t i o n  m a k e  t h e  f o o d  i n t a k e  e s t i m a t e  r e l i a b l e .  I n  p r a c t i c e  t h e  m e t h o d  p r o v e d  t o  b e  a  
v a l u a b l e  t o o l  t o  g e t  a  p r e c i s e  e t i m a t e  o f  t h e  c u m u l a t i v e  f o o d  i n t a k e  o f  t h e  p o p u l a t i o n  
d u r i n g  a  m e a l .  
T h e  f e e d i n g  r a t e  o f  t h e  p o p u l a t i o n  a t  t h e  s t a r t  o f  a  m e a l  w i l l  i n f l u e n c e  t h e  r a t e  o f  f o o d  
w a s t e .  I f  t h e  a p p e t i t e  i s  v e r y  l o w ,  t h e  f e e d i n g  i n t e n s i t y  o f  t h e  f e e d e r  w i l l  e x c e e d  t h e  i n i t a l  
f e e d i n g  r a t e  o f  t h e  p o p u l a t i o n .  T i r i s  w i l l  c a u s e  f o o d  w a s t e  t o  s t a r t  a t  a  h i g h  l e v e l  i n s t e a d  
o f  i n c r e a s e  s l o w l y  a s  t h e  p o p u l a t i o n  g e t  s a t i a t e d .  
T o  u s e  t h e  m e t h o d  s u c s e s s f u l l y ,  f e e d i n g  e x p e r i m e n t s  s h o u l d  b e  c a r r i e d  o u t  a t  l o c a t i o n s  w i t h  
l o w  o r  p r e d i c t a b l e  w a t e r  c u r r e n t s  t o  a s s u r e  t h a t  f o o d  w a s t e  s i n k  t r o u g h  t h e  o b s e r v a t i o n  
v o l u m e .  F u r t h e r m o r e ,  a  p r o p e r l y  s h i e l d i n g  o f  t h e  o b s e r v a t i o n  v o l u m e  i s  i m p o r t a n t  t o  a v o i d  
f i s h  d i s t u r b i n g  t h e  m e a s u r e m e n t s .  T h e  i n s t r u m e n t a t i o n  u s e d  i n  t h i s  w o r k  i s  e x p e n s i v e  a n d  
d e v e l o p e d  f o r  o t h e r  p u r p o s e s .  T h e  a p p l i c a b i l i t y  o f  t h e  m e t h o d  w o u l d  b e  g r e a t l y  e n h a n c e d  
b y  u s i n g  t r a n s d u c e r  a n d  s i g n a l  p r o s e s s i n g  t e c h n o l o g y  s p e c i a l l y  d e s i g n e d  f o r  t h i s  p w p o s e .  
F o o d  w a s t e  f r o m  f i s h  f a r m s  i s  b o t h  a n  e c o n o m i c a l  a n d  a n  e c o l o g i a l  p r o b l e m .  M u c h  e f f o r t  
h a s  b e e n  i n v e s t e d  t o  s o l v e  t h i s  p r o b l e m ,  l i k e  f i n d i n g  m e t h o d s  t o  c o l l e c t  f o o d  w a s t e  o r  
m o v i n g  f a r m s  t o  m o r e  e x p o s e d  l o c a t i o n s .  H o w e v e r ,  t h e s e  a p p r o a c h e s  o n l y  r e m o v e  t h e  
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ecologial symptoms. The core of the problem is to feed populations of salmon in 
accordance with their fluctuating appetite. A food waste detector controlling the feeding 
could be a solution to this problem. 
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Gain step 
The sum of source level and voltage respons (SL + VR) at different gain steps of the echo 
sounder with the two transducers used. 
